Variation in the internalization of differently sized nanoparticles induces different DNA-damaging effects on a macrophage cell line.
Although researchers have expended considerable effort on studying the cytotoxicity of nanomaterials, it is possible that there has been insufficient attention paid to their genotoxic potential. Here, we describe a test model that we have developed to evaluate the DNA-damaging effects of negatively charged nanoparticles of different sizes. We compared the DNA damaging effect induced by nanoparticles of various sizes and found that the effect is closely associated with the internalization pattern of the particles. Macrophage cell line RAW 264.7 cells were incubated with carboxylated polystyrene beads (COOH-PBs) ranging in size from 30 to 500 nm. Size-dependent DNA damage was detected, and the lesion induced by two carboxylated fullerene particles confirmed this observation. Confocal microscopy revealed that the entry pathways of these COOH-PBs shifted from direct penetration to endocytosis with increasing particle size, followed by changes in subcellular localization. Subsequent deposition of 30-nm COOH-PBs in the cytosol led to a reduction of Zn²⁺ and Mg²⁺ content in the nucleus and an increased p53 level in the whole cell rather than in nucleus, while localization of 50- and 100-nm COOH-PBs in acidic vesicles induced p53 accumulation in both types of extracts. Based on these results, we assume that the damage resulted from a disruption of the balance between DNA damage and repair.